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Carbon dioxide is the major gaseous component in the atmospheres of both Mars and Venus and it is difficult to understand its apparent stability. The gas is readily dissociated by sunlight at wavelengths o less than 2000A,, However, recombination of COp by the elementary reaction CO + 0 + M -C0 2 + M (1) proceeds at a rate which is negligibly slow (1) compared with the competing
It would appear therefore that the atmospheres of Mars and Venus should contain large amounts of 0 2 and CO, and yet both atmospheres are remarkably deficient in dissociation products such as CO, Op, 0_ and Oo
We shall argue here that recombination occurs predominantly between CO and 0 and proceeds catalytically by the reaction sequence
0 + H0 2 •* OH + 0 2 00
Photolysis of H 2 0 provides the source of hydrogen radicals (2). This sequence readily accounts for removal of oxygen atoms below about 25 km.
At higher altitudes the H0 2 concentration is vanishingly small, a consequence of the strong dependence on altitude of the three body reaction (3).
The alternate scheme
followed by (5) plays some role at higher altitudes where ozone is produced mainly by 0 + 0 2 + M -• 0 3 + M (7) and removed by photolysis in the Hartley continuum hv + Og •* 0 + 0 2 .
A viable photochemical model must also account for a chemical balance in 0 2o Molecular oxygen is formed by (2) and by 0 + OH -0 2 + H (9) Both reactions provide large potential sources of 0 2 above 20 km. Molecular oxygen diffuses downward and is removed by photolysis in the Herzberg continuum hv + 0 2 -* 0 + 0 ,
followed by reactions (3) -(5) > with some additional removal associated with the reaction sequence (3)
H02 + H0 2 -» H 2 0 2 + 0 2 (11) hv + H 2 0 2 =* 20H (12) followed by reaction (3). However, the bulk of the recombination is due to reactions (3) -(5). This is a consequence of rapid downward transport of oxygen atoms which suppresses the formation of 03 <> An alternate scheme (2,U) for recombination of CO and 0 2 involves reaction (3) followed by CO + H0 2 -C0 2 + OH (13) and reaction (5). We shall argue that reaction (13) 
The dominant radical below 25 km is !K>2. Atomic hydrogen dominates at higher altitudes and the mixing ratio of odd hydrogen, for given Og and CO, is specified by the conservation condition (L5). With the model employed here we find a mixing ratio for odd hydrogen equal to 5*0 x 10 T he detailed chemical model is summarized in Table 1 . The important rate constants are moderately well known, with two exceptions " Reaction (11) is currently in some dispute. Clark (l), noted that extrapolation of high temperature data obtained by Baldwin et al. (9) implied a rate constant at Martian temperatures of order 10"30 ^3 sec . Davis (10) determined an upper limit for the reaction at room temperature equal to lO"^" cmŝ ec" . On the other hand Westenberg and DeHaas (11) concluded that the rate constant at room temperature was fast, equal to approximately 0.06 times the rate constant for reaction (15) . The choice of rate constant in Table 1 , k-^ < 10 =1 " cm^ sec" 1 , reflects a careful study of the available data. We note for example that Westenberg and De Haas (11) did not allow for the fast reaction (16) as a loss mechanism for OH. On the basis of our current understanding of Mars it would be difficult to accept a value of k-^ much larger than the upper limit adopted here (12) .
Some uncertainty is associated also with k-^. Kaufman (13) reactions, integrated from the Martian surface to height z (km). The integrated rate of CCv, photolysis is also shown. The difference between this rate and the total recombination rate reflects the contribution of flow to the local atomic oxygen production rate. Evidently CO-0 recombination occurs mainly below 25 km, and the reaction sequence (3) - (5) is the dominant path for recombination. Formation of Og occurs in a restricted altitude regime, between 25 km and 30 km, and reaction (9) dominates. The rate of reaction (16) This matter will be discussed in detail elsewhere.
The response of the Martian atmosphere to a change in the concentration of HgO is of considerable interest. For modest changes, the atmosphere readily adjusts to a new equilibrium state with a different mixing ratio of CO relative to ©2-To first order, the concentration of OH is proportional to the concentration of 1^0 and the concentrations of 0, H, and H02 in the lower atmosphere remain constant. Only CO changes, and the change is inversely proportional to the change in ^0.
To a higher level of approximation, however, one must take account of consequent changes in the ©2 production and one finds necessarily some decrease (or increase) in 02 associated with a decrease (or increase)
in HpO. By numerical experimentation we found that if the HoO concentra- in 0 escape. The 1 production and H escape will alter accordingly. The Table 1 Relevant reactions with their rate constants. 
